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Background and Purpose: A longtime ago, malaria was one of the most challenging infectious dis-
eases caused by the parasite called Plasmodium and localized in areas of Asia, Africa, and Central 
and South America. It has affected developing countries' human resources and directly lowered its 
annual economic growth. The project OMaT is an online system, eHealth networked, to assist physi-
cians at medical consultation in order to optimize the quality of care of the patients with malaria dis-
ease. 
Methods: Our clinical decision support system for treatment of malaria is based on consensus guide-
lines and protocols for the management of malaria. Thus, the system only deals with medical theory 
and practice identified in advance, limited and structured so for its efficiency and completeness. The 
OMaT system provides the diagnosis and therapy aids of malaria’s disease. But also, a Geographic 
Information System database that will store and will provide relevant information on malaria's patient 
case of different regions for the optimization of malaria's treatment. 
Results: The prototype system presented is related to the phase I of the OMaT project. The proposed 
solution, in form of web applications includes a Generic Medical Decision Support System and is ex-
pected to assist Healthcare Professionals at medical consultation and decision of the patients with ma-
laria disease. The prototype are developed using PHP, XML, HTML, JavaScript and CSS as front end 
and raw files, MySQL and NoSql Data base as the backend. 
Conclusions: The OMAT Project under the decision support system is expected to optimize quality 
of care. The solution we offer meets several requirements such as the reliability of the information en-
tered, protection against handling errors and lack of dangerous results, with respect to confidentiality 
and anonymity. We envisage again to proceed to the integration of smart technologies that can allow 
remote clinical examination, complementary examination and tests.  
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1 Introduction  

A long time ago, malaria was one of the most challenging infectious diseases caused by a parasite called 
plasmodium. The overall disease burden is devastating youth, women and health systems. It has affected 
developing countries' human resources and directly lowered its annual economic growth.  

Nowadays, it is recognized in most modern hospitals and public health systems, an increasing concern 
to measure the quality of care. The quality of care [1], can be focused on the characteristics of hospital 
production and the indicators of performance. These indictors of performance will permit to decrease 
complication rate, morbidity, mortality and cost of care. One of the ways to optimize the quality of care is 
to use medical decision support systems [2-5] based on eHealth and mHealth to serve the unserved [6]. 
“E-health is commonly understood as the application of Internet and other related technologies to im-
prove the health status of patients. It covers a broad range of tools such as electronic medical records 
(EMRs), Telemedicine, online or e-Learning tools, and Decision Support Systems.” [7]. 

Thus, the emergence of Internet and others related technologies such as mobile devices and particular-
ly medical devices allow, more and more, the development of the paradigm of globalization.  In this con-
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text, Mars et al [8] argue that “the globalization is no longer driven by power full governments, Countries 
or large multinational companies, but by the new-found of individuals to collaborate and complete global-
ly. “  And also, talking about the so-called a "Glocal Perspective" they say: "the inherent networked and 
virtual nature of eHealth that enables it to transcend geopolitical barriers does not fit easily with tradition-
al domestic or local health systems.   In this sense, in the magazine “The Economist” [9], it is stated that 
“considering the massive challenges facing Africa's healthcare systems, several major reforms will be 
need continent-wide to ensure their viability in long term: tightening controls over medicines, medical 
devices, and improving their distribution." 

This paper discusses our project called OMaT for Optimization of Malaria’s Treatment, which is an 
online system, an eHealth networked, to assist physicians at medical consultation and decision of the 
patients with malaria disease. The proposed solutions, in form of web applications include anonymous 
medical records, a Geographic Information System and other relevant services such as remote comple-
mentary examination and tests.  

The project is subdivided in three main phases. On the first phase, the system provides a medical con-
sultation of malaria from clinical examination, complementary examination to treatments. It is, at this 
stage, a generic decision support system without optimization.  

The second phase concerns the GIS that allow the optimization of medical decisions. And the third 
phase is dedicated to the remote laboratory that can integrate medical devices for complementary exami-
nation and tests, and telemedicine.  

2 Materials and Methods 

Many existing systems of malaria decision support, we have served as the basis for our study. We quote: 
Malaria Decision Analysis Support Tool (MDAST) [10], Geographical Recognition [11] Malaria Deci-
sion Support System (MDSS) [12], Web-Based Medical Assistant System for Malaria Diagnosis and 
Therapy [13]. 

2.1 Malaria's Medical Diagnosis 

In the following purpose we outline the generic protocols that are used in OMaT system for medical deci-
sion support. 

Protocol 1: Clinical Diagnosis.  

1. Patient available for consultation 
2. Inquire about clinical history and symptoms 
3. Make investigation 
4. Probably malaria 

(a)  Yes, observe complication clinical features. Uncomplicated cases or Severe or complicated cases 
(b) Ask a laboratory test to confirm the hypothesis 

5.  Probably not malaria 
(a)  Ask for a complementary examination 
(b)  Continue with others investigations 

Protocol 2: Laboratory and Complementary Examination Diagnosis.  

1. Patient available for testing 
2. Testing is performed to help diagnose malaria, to monitor for relapses, and to determine drug suscepti-

bility of the parasite causing the infection. It can be one of the following: 
Thick and thin blood smears and/or Rapid diagnostic tests (antigen testing) and/or Molecular tests 
(Polymerase chain reaction, PCR) and/or Antibody tests (serology) and/or Rolling Circle-Enhanced 
Enzyme. 

3. Are malaria parasites present? 
(a) If yes, which species and stages do they belong to? 
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(b) If yes, how many of them are present? 
4.  Patient with complicated cases 

(a) Yes, do others laboratory tests and complementary examination following investigations 

Protocol 3: Treatment.  

1. Patient available for treatment 
2. Which species of malaria is reveal by the test? Plasmodium vivax or Plasmodium ovale or Plasmodium 

falciparum or  Plasmodium malariae or mixed species 
3. What is type of malaria is confirmed?  Uncomplicated malaria or Severe malaria 
4. Prescribe drugs following: Location of the patient, Condition disease (Pregnancy, Traveler, Newborns, 

Recurrent, ...), Age, Weight, Past medication and Allergy 
5. The response to therapy is dependent generally: 

(a) Medicines used (direct or indirect schizontocides), their dosage and route of administration; 
(b) The parasite involved and the sensitivity of this parasite towards the schizontocides; 
(c) The clinical and immunological status of the subject. 

6. The characteristics of drugs are: - Name’s drug - Presentation - Dosage - Duration of treatment - Indi-
cations – Drug incidents. 

2.2 Optimization of Malaria Treatment 

The optimization of malaria's treatment is based on a Geographic Information System database that can 
stores and provides relevant information on malaria's patient case of different regions. The method is 
developed in [14] and consisted of height main steps: specification of the case, indications or problems, 
actions or treatments strategies, estimative outcomes (benefit and risk), performance measure, decision, 
result and optimization. 
 
1. Specification of the case: case description relative to a particular patient in consultation. 
2. Indications: a set of information related to problems concerning a particular patient. 
3. Actions: The actions are different possible treatments referring to the given indications. 
4. Estimative Outcomes: The estimative outcomes depend on the information related to similar patients’ 

cases provided by clinicians. There are two kinds of estimative outcomes: the outcome with benefit 
and the outcome with risk. 
― Outcome with Benefit: expresses the degree to return to normal health. 
― Outcome with Risk: expresses the complication or the death. 

5. Performance Measure: is a benefit-risk ratio referring to the action chosen by the clinician. This is 
obtained after computation of available information in the database. 

6. Decision: The benefit-risk ratio can permit the clinician to make a decision. Practically, if the ratio is 
> 1 then the action can give benefit otherwise, if the ratio < 1 then the action has a risk. 

7. Result: is the objective consequence of the decision chosen at the light of the performance measure. 
The patient can be in the following situation: a. Benefit, b. Risk. The physician can vote for one of 
the presented situation and the system automatically will be updated. This information may be con-
sidered sufficient and trusted. 

8. Optimization: allows the clinician to analyze the results and if needed to readjust the actions. 

2.3 Formalization of Reasoning in OMaT 

Formalization of Diagnosis and Therapy Aids.  

The diagnosis and therapy aids of OMaT are carried out using mainly the heuristic and the rule-based 
systems. The general form of rules is: 

- Type of rule: Rn 
- Rule syntax: IF <CONDITIONS> THEN <CONCLUSIONS> 

                   CONDITIONS: <CONDITION1> [OPERATOR]                            
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                                             <CONDITION2> … 
                   CONCLUSIONS: ACTION1, ACTION2, … 

- Operator: OR, AND 
- Criteria of condition: <=, >=, <, >, <> 

This is below the basic rules: 

1.  Clinical Diagnosis Rules (CDR): represent the effects of a specific profile and a symptom or a set of 
co-occurring symptoms with respect to a hypothesis. 

CDR: IF PROFILE AND (<SYMPTOM> AND <SYMPTOM-CONDITION>)  
          THEN <INITIAL- DIAGNOSIS> 

2. Test Rules (TR): represent the effects test analyzed with respect to a test result. 

TR: IF <TEST> AND <TEST-CONDITION> THEN <TEST-RESULT> 

3. Medical Decision Rules (MDR): represent the effects of clinical diagnosis and test results with re-
spect to a hypothesis. 

MDR: IF < INITIAL-DIAGNOSIS> AND <TEST-RESULT> THEN   
           <DIAGNOSIS> 
 

4.   Therapy Rules (ThR): represent the effects of diagnosis with respect to a prescription 

ThR: IF <DIAGNOSIS> AND <THERAPY-CONDITION> THEN  
         <PRESCRIPTION> 

Formalization of Optimization.  

The pre-processing of optimization can be doing as following: 

 Each patient case at time t is represented by an attribute-value vector: 

   P= [UserId : V1, PatientId: V2, Sex:V3,  AverageAge:V4, AverageWeight: V5,  Country: V6, Status: 
V7, Conditions/Diseases: V8,   PastMedications: V9, Allergies: V10, Symptoms: V11, ...] 

 A patient case is n-dimensional vectors where each dimension corresponds to a distinct attribute and n 
is the total number of possible attributes. 

 Identification of different patient communities in a population of patient cases. 
 For that, two issues are suggested: 

─ Determine meaningful subsets (communities/patients with similar case) 
─ Determine meaningful concepts for each subset (stereotypes) 

 The communities’ stereotypes are built up by trying to identify patterns. 
 Incrementally generates clusters (patient with common characteristics) representing patient communi-

ties as following: 
─ Creating a new cluster 
─ Placing a new patient case into an existing cluster 
─ Combining two clusters into a new one 
─ Dividing an existing cluster. 
─ Extracting representative information  

2.4  eHealth Networked Architecture 

The system architecture is developed a round of three phases: Decision Support System, Geographic In-
formation System (GIS) and Remote Laboratory (ILab). 
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Fig. 1. Architecture of the OMAT project 

3 Results  

3.1 Phase I Implementation  

In this section, we present the basic functionalities and show how they act in the OMaT system. The 
actual website for OMaT Project[14] is developed using Php, XML, HTML, JavaScript and CSS as front 
end and raw files, MySQL and NoSql Data base as the backend. 
The OMaT system contains five basic components that constitute the main menu: 

─ newCase Component; 
─ openCase Component; 
─ iLab Component; 
─ GIS Component, 
─ Knowledge Repository. 

We present in the following specifically the components that allow medical consultation saying the new-
Case and openCase components. These two components allow medical decision support. 
The newCase, as its name indicated, creates a new patient record in four steps: 
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1. Clinical Examination: Patient Profile and Signs and symptoms 
2. Laboratory examination and Generated clinical diagnosis report  
3. Treatment and generated reports of laboratory test, symptomatic treatments and treatment proposal, 

and the proper prescription of the Physician. 
4. Generation of the full report of the case 

 
The openCase is like the Newcase to the difference that the records already exist. It is recognized that the 
Healthcare Practitioner (HCP) to use our system must register himself and wait for the approval of the 
committee that granting the access identifier, figure 2. 

 

 
 

Fig. 2. Interface of Registration 
 

 
 

Fig. 3. Login interface 
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After that the HCP can login into the system via the Login interface, figure 3. If the login is successful 
then the HPC can accessed to the main menu and begin to interact with the system. The main menu, fig-
ure 4, has five options: 
― newCase: allows the HCP to supplied information related to the clinical consultation (first consulta-

tion);  
― openCase: allows the HCP to progress with the consultation and possibly optimize if needed the 

treatment. This allows the HCP to benefit added value of the GIS and the iLab components; 
― iLab: allows the HCP to remotely access to distance laboratory or to submit image of species of 

Plasmodium for laboratory diagnostic; 
― GIS: it is a Geographic Information System of case of patient with malaria in different area and it 

allows to the HCP advices by searching similar case; 
― Knowledge Resource: allows the HCP to learn more about matter related to malaria by different arti-

cles or documents. 

 

Fig. 4. Main Menu Interface 

 
We describe in the following only the functioning of the system in the component newCase that allows 
the HCP to supplied information related to the clinical and laboratory consultation (first consultation). 
The component newCase is a succession of sub components namely: 
newCase1, newCase2, newCase3, and newCase4. 
 
The newcase1, figure 5 & figure 6, allows the HCP to supply first information on the clinical consulta-
tion. 
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Fig. 5. Clinical consultation 

 

Fig. 6.  Clinical consultation 

 
The newcase2, figure 7, generates a Clinical Diagnosis Report and allows the HCP to supply infor-

mation relative to the Laboratory Test. 
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Fig. 7. Generated Clinical Diagnosis Report and Interface for Laboratory Diagnostic 

 
The newCase3, figure 8 and figure 9, generates the Reports of Diagnosis, of Symptomatic Report and 

of Therapy Strategies. And it allows the HCP to write his own medical Prescription based on the reported 
information. 

 

Fig. 8. Generated Reports of: Diagnosis, Symptomatic Treatments and Malaria Therapy Strategies, and Prescription 
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Fig. 9. Generated Reports of: Diagnosis, Symptomatic Treatments and Malaria Therapy Strategies, and Prescription 

 
The newCase 4, figure 10, allows the HCP to print the Medical Decision Report and to receive an 

email with an attached file in form of Electronic Medical Record (csv format). 
 

 

Fig. 10. Medical Decision Report 
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4 Discussion 

The evaluation of our system as a medical decision support covers several aspects that we discuss below. 
The quality of the system depends on the reliability of the information entered, protection against han-
dling errors and lack of dangerous results. Therefore, the human machine interface that we have proposed 
is quite responsive and easy to use to facilitate the work. A click allows the user to enter data. Error 
checking handling is based on internal constraints such as "a newborn cannot weigh more than 10 kg", or, 
for example, "a man cannot be pregnant." The Smart healthcare technologies [15-18], can be added to our 
system as active devices for diagnosis that are the key to enable people greater and more equitable access 
to health services and facilitate to collect and share health both in urban and rural areas. And the interop-
erability is a hottest issue challenging the Internet for interconnecting heterogeneous objects (systems, 
software components, devices). For the lack of dangerous results, it is to ask the following questions: 

-  Does the system do what I want it to do? 
- Does what I want it to do work? 

The methodology adopted to address these major constraints is the formalization of reasoning such as:  
IF < INITIAL-DIAGNOSIS> AND <TEST-RESULT> THEN <DIAGNOSIS>  
expresses as “If (Malaria is Severe And Plasmodium is Suspected) And (Location is Central Africa And 
Condition Disease is Recurrent malaria And Age is Adult And Weight is 65 to 70 kg) Then Quinine is 
recommended”. 

It turns that our clinical decision support system for treatment of malaria is based on consensus guide-
lines [19] and protocols for the management of malaria. Thus, the system only deals with information 
theory and medical practice identified in advance, limited and structured so for its efficiency and com-
pleteness. 

The prototype system presented above is suitable for case of emergency and it is available online [20]. 
The proposed solution, in form of web applications includes a Generic Medical Decision Support System 
and is expected to assist Healthcare Professionals at medical consultation and decision of the patients with 
malaria disease. 
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